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(57) ABSTRACT

A water-cooling U-valve is composed of a downcomer (1),
a riser (2), and a return chute (3), which are sequentially
connected. An intermediate partition (4) is disposed between
the downcomer (1) and the riser (2), the lower parts of the
downcomer (1) and the riser (2) are interconnected. A
material returning partition (5) is disposed between the riser
(2) and the return chute (3), the upper parts of the riser (2)
and the return chute (3) are interconnected. The casing of
U-valve comprises membrane walls, the inside of the mem-
brane walls are laid with refractory. Some water-cooling
tubes of the membrane walls extend into the inside of the
U-valve, forming the water cooing intermediate partition (4)
and material returning partition (5). The headers (40, 50) are
connected with the headers (33, 13) formed by some water-
cooling tubes of membrane walls by connecting tubes (7, 8).

4 Claims, 6 Drawing Sheets
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1
WATER-COOLING U-VALVE

FIELD OF THE INVENTION

The present invention relates to the field of solid material
returning technology, and, in particular to the water-cooling
U-valve for circulating fluidized beds.

DESCRIPTION OF THE RELATED ARTS

In the material circulating circuit of the circulating fluid-
ized bed, the loop seal plays an extremely key role. The
common types of loop seal are as follows: L-valve; J-valve;
sealed delivery pot, and U-valve, etc. Currently, U-valve is
the most popular.

According to the wall surface cooling condition, the loop
seal may be classed into two categories, that is, the cooling
loop seal and the thermal insulation loop seal; and the latter
one is more popular. However, in the material circulating
circuit at high temperature, for example in the equipments
such as circulating fluidized bed boiler and circulating
fluidized bed incinerator, there are two challenges for the
common thermal insulation loop seal at high temperature.
First, the unburned carbon can be combusted in the loop
seal, and it’s hard to control the temperature, especially, it is
prone to be coked for the fuel with lower ash fusion point,
for example, when the biomass fuel is fired. Second, the
thermal insulation loop seal and the membrane walls of the
furnace have different expansion extents and the expansion
difference between them can only be adjusted by expansion
joint, and however the expansion joint is easy to be cracked
during the operation, which may reduce the stability of the
equipment’s operation.

When the cooling loop seal especially by drum water
work with the water-cooling cyclone, the expansion differ-
ence between the loop seal and membrane walls may be
eliminated, and thus the expansion joint may not be needed,
which will simplify the equipments. Further, circulating
particles temperature in the cooling loop seal would be
reduced so that the material temperature can be efficiently
controlled and kept much lower than the coking tempera-
ture, which is helpful for the safe operation.

However, the casing of current water-cooling U-valve is
usually membrane walls, and intermediate partition between
the downcomer and riser and material returning partition
between the riser and return chute are made of refractory.
Thus, expansion coeflicients of the partitions and the casing
are different and the gap will easily occur between them
especially during the start-up and the shut-down of the
equipments. Once the circulating particles enter the gap, the
partitions are likely to be cracked, which will greatly affect
the performance of the loop seal.

SUMMARY OF THE INVENTION

Accordingly, the objective of the present invention is to
provide a type of water-cooling U-valve, in which the
intermediate and the material returning partitions are cooled
along with the casing of the loop seal together, so that not
only there is no expansion difference between the partitions
and the casing, but also the working life of the partitions can
be prolonged, which enables the long-term safe and stable
operation of the loop seal.

In order to achieve the above-mentioned objective, the
present invention provides at least the following technical
solutions:
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2

Water-cooling U-valve is composed of downcomer 1,
riser 2, and return chute 3, which are sequentially connected,
and all of which has a rectangular cross-section; an inter-
mediate partition 4 is disposed between the downcomer 1
and the riser 2, the lower parts of which are interconnected;
a material returning partition 5 is disposed between the riser
2 and the return chute 3, the upper parts of which are
interconnected; and an air distribution plate 6 is disposed at
the bottom of downcomer 1 and riser 2; the casing of the
loop seal is membrane walls, including the front wall 11 of
the downcomer, the top plate 21 of the riser, and the front
wall 31 of the return chute; the rear wall 12 of the down-
comer, the air distribution plate 6, the rear wall 32 and the
left and right walls of the return chute; the inside of the
membrane walls are laid with refractory; wherein:

1.) the intermediate partition 4 and material returning
partition 5 which is water-cooling are formed by extending
some water-cooling tubes of membrane walls into the loop
seal, and the both sides and ends of the intermediate partition
4 and material returning partition 5 are laid with refractory;

II.) both the intermediate partition 4 and the material
returning partition 5 are provided with headers to connect
with the headers formed by some water-cooling tubes of the
membrane walls by connecting tubes 7, 8;

III.) an annular header 30 is provided at the material
returning opening where the return chute 3 and furnace are
connected, wherein the header 30 for the material returning
opening is an inlet header for the cooling medium of the loop
seal and connected with the downcomer of drum; and an
annular outlet header 10 for the loop seal is provided at the
top of the downcomer 1, wherein the outlet header 10 is an
outlet header for the cooling medium of the loop seal and
connected with the middle part of the drum or is connected
with the drum through the water-cooling tubes of the
cyclone; and

IV.) a horizontal header 33 of the front wall of the return
chute is provided in the middle of the front wall 31 of the
return chute, and a horizontal header 13 of the rear wall of
the downcomer is provided in the middle of the rear wall 12
for the downcomer; wherein, one of each two adjacent
water-cooling tubes at the front wall 31 of the return chute
from the header 30 for the material returning opening is
diverted and connected with the header 33 of the front wall
of the return chute; and, one of each two adjacent water-
cooling tubes at the rear wall 12 of the downcomer into the
outlet header 10 for the loop seal is diverted and connected
with the header 13 at the rear wall of the downcomer.

The features 1.) and I1.) of the water-cooling U-valve may
further include the following:

wherein one of each two adjacent water-cooling tubes at
the rear wall 32 of the return chute is diverted at the interface
between the rear wall 32 of the return chute and air distri-
bution plate 6, and is bent vertically upward into the loop
seal, and finally into a header 50 for the material returning
partition, forming the material returning partition 5; wherein
the water-cooling tubes of the material returning partition 5
is provided in the vertical direction and both sides and the
top of the material returning partition 5 are laid with
refractory; wherein the header 50 for the material returning
partition is provided in the horizontal direction and located
at the top of the material returning partition 5, and the
highest level of the header 50 is not higher than that of the
header 13 for the rear wall of the downcomer, and the header
50 and the header 13 are connected by the connecting tube
8 for the headers;

wherein one of each two adjacent water-cooling tubes at
the front wall 11 of the downcomer is diverted at the
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interface between the front wall 11 of the downcomer and
the top plate 21 of the riser, and then extends into the loop
seal in the vertically downward direction, and finally into a
header 40 for the intermediate partition, forming the inter-
mediate partition 4; wherein the water-cooling tubes of the
intermediate partition 4 are provided in the vertical direc-
tion, and both sides and the bottom of the intermediate
partition 4 are laid with refractory; wherein the header 40 for
the intermediate partition is provided in the horizontal
direction and located at the bottom of the intermediate
partition 4; and the lowest level of the header 40 is not lower
than that of the header 33 for the front wall of the return
chute, and the header 40 and the header 33 are connected by
the connecting tube 7 for the headers.

Wherein a left header 501 and a right header 502 both for
the material returning partition 5 are provided vertically at
the outsides of the left and right walls of the loop seal,
respectively; wherein one of each two adjacent water-cool-
ing tubes at the rear wall 32 of the return chute is diverted
at the interface between the rear wall 32 and the air distri-
bution plate 6, and bent vertically upward into the loop seal,
and then the diverted water-cooling tubes are split into the
left half and right half in the plane of the material returning
partition 5, and bent in the left and right directions respec-
tively in order to horizontally extend out of the casing of the
loop seal, and finally enter the headers 501 and 502 for the
material returning partition 5, respectively; wherein the
highest levels of the two headers 501 and 502 for the
material returning partition 5 are not higher than that of the
horizontal header 13 for rear wall of the downcomer;
wherein the two headers 501 and 502 for the material
returning partition and the horizontal header 13 for rear wall
of the downcomer are connected by the connecting tube 8
for the headers; and

wherein a left header 401 and a right header 402 both for
the intermediate partition 4 are provided at the outsides of
the left and right walls of the loop seal, respectively; wherein
one of each two adjacent water-cooling tubes at the front
wall 11 of the downcomer is diverted at the interface
between the front wall 11 and the top plate 21 of the riser,
and extends into the loop seal in the vertically downward
direction, and then the diverted water-cooling tubes are split
into the left half and right half in the plane of the interme-
diate partition 4, and bent in the left and right directions
respectively in order to horizontally extend out of the casing
of the loop seal; and finally enter the two headers 401 and
402 for the intermediate partition, respectively; wherein the
lowest levels of the two headers 401 and 402 are not lower
than that of the header 33 for the front wall of the return
chute; wherein the two headers 401 and 402 for the inter-
mediate partition and the header 33 for the front wall of the
return chute are connected by the connecting tube 7 for the
headers.

According to the present invention, an integrated design
for the casing and the internal partitions of the water-cooling
loop seal is achieved. The circuit of the medium is smooth.
Not only there is no expansion difference between the casing
and the partitions, but also the working life of the partitions
is prolonged. All these can ensure the long-term safe and
stable operation of the loop seal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an apparent schematic view of water-cooling
U-valve according to the first embodiment of the present
invention;
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FIG. 2 is a schematic view of partitions, headers and
connecting tubes for the headers in the water-cooling
U-valve according to the first embodiment;

FIG. 3 is a flow process schematic chart of medium in the
water-cooling U-valve according to the first embodiment;

FIG. 4 is a flow process schematic chart of medium in the
water-cooling U-valve according to the second embodiment
of the present invention;

FIG. 5 is a cross-sectional schematic view of the water-
cooling U-valve according to the second embodiment along
the line A-A;

FIG. 6 is a cross-sectional schematic view of the water-
cooling U-valve according to the second embodiment along
the line B-B.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

1°* Embodiment

The water-cooling U-valve shown in FIG. 1, FIG. 2 and
FIG. 3 is composed of the downcomer 1, riser 2, and return
chute 3, which are sequentially connected, and each of
which has a rectangular cross-section. An intermediate par-
tition 4 is disposed between the downcomer 1 and riser 2,
and the lower parts of the downcomer 1 and riser 2 are
interconnected. A material returning partition 5 is disposed
between the riser 2 and return chute 3, the upper parts of
which are interconnected. An air distribution plate 6 is
disposed at the bottom of the downcomer 1 and the riser 2.

The casing of the loop seal includes four sheets of
membrane walls, that is, a front sheet constituted by the front
wall 11 of the downcomer, the top plate 21 of the riser, and
the front wall 31 of the return chute; a rear sheet constituted
by the rear wall 12 of the downcomer, air distribution plate
6, the rear wall 32 of the return chute; and, the left and right
walls of the casing of the loop seal constituted by the left and
right walls of the downcomer 1, riser 2, return chute 3,
respectively. The insides of the above mentioned membrane
walls are laid with refractory.

An annular header 30 is provided at the material returning
opening where the return chute 3 is connected with the
furnace, and an annular outlet header 10 for the loop seal is
provided at the top of the downcomer 1. The header 30 for
the material returning opening is an inlet header for the
cooling medium of the loop seal and connected with the
downcomer of drum, while the outlet header 10 for the loop
seal is an outlet header for the cooling medium of the loop
seal and connected with the upper part of the drum or is
connected with the drum through the water-cooling tubes of
the cyclone.

FIG. 2 is a schematic view of partitions, headers and
connecting tubes for the headers, in which refractory and
fins among the tubes are not shown in order to clearly
observe the arrangement of the water-cooling tubes; in fact,
there are fins among the water-cooling tubes of the partition
for laying refractory. A horizontal header 33 for the front
wall of the return chute is provided in the middle of the front
wall 31 of the return chute, and, a horizontal header 13 for
the rear wall of the downcomer is provided in the middle of
the rear wall 12 of the downcomer. At the front wall 31 of
the return chute, one of each two adjacent water-cooling
tubes from the header 30 for the material returning opening
is diverted and connected with the header 33 for the front
wall of the return chute; and, at the rear wall 12 of the
downcomer, one of each two adjacent water-cooling tubes
into the outlet header 10 for the loop is diverted and
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connected with the header 13 for the rear wall of the
downcomer. That is to say, one half of the water-cooling
tubes at the front wall 31 of the return chute finally enter the
outlet header 10 for the loop seal, while the other half from
the header 30 for the material returning opening only extend
to the middle of the front wall 31 of the return chute and end
at the header 33 for the front wall of the return chute; also,
at the upper part of the rear wall 12 of the downcomer, only
one half of the water-cooling tubes come from the header 30
for the material returning opening, while the other half are
from the header 13 for the rear wall of the downcomer and
end at the outlet header 10 for the loop seal.

One of each two adjacent water-cooling tubes at the rear
wall 32 of the return chute is diverted at the interface
between the rear wall 32 and the air distribution plate 6, and
bent in the vertically upward direction in order to extend into
the loop seal, and finally into the horizontal header 50 for the
material returning partition, forming the material returning
partition 5. Both sides and the top of the material returning
partition 5 are laid with refractory. The header 50 for the
material returning partition is located lower than the header
13 for the rear wall of the downcomer, and they are
connected by the connecting tubes for the headers.

One of each two adjacent water-cooling tubes at the front
wall 11 of the downcomer is diverted at the interface
between the front wall 11 and top plate 21 of the riser, and
then extends into the loop seal in the vertically downward
direction, and finally into the horizontal header 40 for the
intermediate partition, forming the intermediate partition 4.
Both sides and the bottom of the intermediate partition 4 are
laid with refractory. The header 40 for the intermediate
partition is located at the same level with the header 33 for
the front wall of the return chute, and they are connected by
the connecting tubes for the headers.

During the operation, the water from the downcomer of
drum enters the loop seal through the header 30 for the
material returning opening. Most of the water runs upwardly
along the four sheets, i.e., the front, the rear, the left, and the
right sheets of the casing of the loop seal, respectively, and
finally enters the outlet header 10 for the loop seal. A fraction
of the water runs along the direction of the front wall 31 of
the return chute, the header 33 for the front wall of the return
chute, the connecting tube 7 for the headers, and the header
40 for the intermediate partition, the intermediate partition 4
and the front wall 11 of the downcomer, and finally enters
the outlet header 10 for the loop seal. And another fraction
of the water runs along the direction of the rear wall 32 of
the return chute, the material returning partition 5, the
header 50 for the material returning partition, the connecting
tube 8 for the headers, and the rear wall 12 of the down-
comer, and also finally enters the outlet header 10 for the
loop seal.

274 Embodiment

The water-cooling U-valve shown in FIG. 4 is composed
of the downcomer 1, riser 2, and return chute 3, which are
sequentially connected and each of which has a rectangular
cross-section. An intermediate partition 4 is disposed
between the downcomer 1 and riser 2, the lower parts of
which are interconnected. A material returning partition 5 is
disposed between the riser 2 and the return chute 3, the upper
parts of which are interconnected. An air distribution plate
6 is disposed at the bottom of the downcomer 1 and the riser
2.

The casing of the loop seal includes four sheets of
membrane walls, that is, a front sheet constituted by the front
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6

wall 11 of the downcomer, the top plate 21 of the riser, and
the front wall 31 of the return chute; a rear sheet constituted
by the rear wall 12 of the downcomer, air distribution plate
6, the rear wall 32 of the material return chute; and, the left
and right walls of the casing of the loop seal constituted by
the left and right walls of the downcomer 1, riser 2, return
chute 3, respectively. The insides of the above mentioned
membrane walls are laid with refractory.

An annular header 30 is provided at the material returning
opening where the return chute 3 is connected with the
furnace and an annular outlet header 10 for the loop seal is
provided at the top of the downcomer 1. The header 30 for
the material returning opening is an inlet header for the
cooling medium of the loop seal and connected with the
downcomer of drum, while the outlet header 10 for the loop
seal is an outlet header for the cooling medium of the loop
seal and connected with the upper part of the drum or is
connected with the drum through the water-cooling tubes of
the cyclone.

A horizontal header 33 for the front wall of the return
chute is provided in the middle of the front wall 31 of the
return chute, and, a horizontal header 13 for the rear wall of
the downcomer is provided in the middle of the rear wall 12
of the downcomer. At the front wall 31 of the return chute,
one of each two adjacent water-cooling tubes from the
header 30 for the material returning opening is diverted and
connected with the header 33 for the front wall of the return
chute; and, at the rear wall 12 of the downcomer, one of each
two adjacent water-cooling tubes into the outlet header 10
for the loop seal is diverted and connected with the header
13 for the rear wall of the downcomer. That is to say, one half
of the water-cooling tubes at the front wall 31 of the return
chute finally go into the outlet header 10 for the loop seal,
while the other half from the header 30 for the material
returning opening only extend to the middle of the front wall
31 of the return chute and end at the header 33 for the front
wall of the return chute; also, at the upper part of the rear
wall 12 of the downcomer, only one half of the water-
cooling tubes come from the header 30 for the material
returning opening, while the other half are from the header
13 for the rear wall of the downcomer and end at the outlet
header 10 for the loop seal.

FIG. 5 displays the shape of water-cooling tubes of the
material returning partition, in which refractory and fins
among the tubes are not shown for the sake of clear
observation; in fact, there are fins among the water-cooling
tubes of the partition for laying refractory. One of each two
adjacent water-cooling tubes at the rear wall 32 of the return
chute is diverted at the interface between the rear wall 32 of
the return chute and the air distribution plate 6, and bent in
the vertically upward direction in order to extend into the
loop seal. In the plane where the vertical segments of these
tubes are placed, half of the water-cooling tubes at the left
side turn left and the half of the tubes at the right side turn
right, and then they are bent to extend out of the casing of
the loop seal in the horizontal direction. Then, they are
converged into the left vertical header 501 for the material
returning partition at the outside of the left wall of the casing
of the loop seal and the right vertical header 502 for the
material returning partition at the outside of the right wall of
the casing of the loop seal, respectively. The highest levels
of the headers 501 and 502 for the material returning
partition and that of the horizontal header 13 for the rear wall
of the downcomer are located at the same level. The headers
501 and 502 for the material returning partition and the
horizontal header 13 for the rear wall of the downcomer are
connected by the connecting tube 8 for the headers. The flat
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plate shaped by both the bent tubes at the left and right sides
forms the material returning partition 5. Both sides and the
top of the material returning partition 5 are laid with
refractory.

FIG. 6 demonstrates the shape of water-cooling tubes of
the intermediate partition, in which refractory and fins
among the tubes are not shown for the sake of clear
observation. One of each two adjacent water-cooling tubes
at the front wall 11 of the downcomer is diverted at the
interface between the front wall 11 of the downcomer and
the top plate 21 of the riser, and then extends into the loop
seal in a vertically downward direction. In the plane where
the vertical segments of these tubes are placed, the half of
the water-cooling tubes at the left side turn left and the half
of the water-cooling tubes at the right side turn right, and
then they are bent to extend out of the casing of the loop seal
in the horizontal direction. Then, they are converged into the
left vertical header 401 for the intermediate partition at the
outside of the left wall of the casing of the loop seal and the
right vertical header 402 for the intermediate partition at the
outside of the right wall of the casing of the loop seal,
respectively. The lowest levels of the headers 401 and 402
for the intermediate partition are higher than that of the
header 33 for the front wall of the return chute, and they are
connected by the connecting tube 7 for the headers. The flat
plate shaped by both the bent tubes at the left and right sides
forms the intermediate partition 4. The both sides and the top
of the intermediate partition 4 are laid with refractory.

During the operation, the water from the downcomer of
drum enters the loop seal through the header 30 for the
material returning opening. Most of the water runs upwardly
along the four sheets, i.e., the front, the rear, the left, and the
right sheets of the casing of the loop seal, respectively, and
finally enters the outlet header 10 for the loop seal. A fraction
of the water runs along the direction of the front wall 31 of
the return chute, the header 33 for the front wall of the return
chute, the connecting tube 7 for the headers, and the headers
401 and 402 for the intermediate partition, the intermediate
partition 4 and the front wall 11 of the downcomer, and
finally enter the outlet header 10 for the loop seal. And
another fraction of the water runs along the direction of the
rear wall 32 of the return chute, and the material returning
partition 5, the headers 501 and 502 for the material return-
ing partition, the connecting tube 8 for the headers, and the
rear wall 12 of the downcomer, and also finally enters the
outlet header 10 for the loop seal.

Principle of the Present Invention

Since the drum water from the downcomer of drum is
used as the cooling medium in the loop seal, the medium in
the loop seal and membrane walls of the furnace have the
same temperature and coeflicient of expansion. In this way,
when it is used along with the water-cooling cyclone in
which the drum water is used for cooling, expansion differ-
ences between the furnace and cyclone and loop seal may be
eliminated and expansion joints may not be needed, which
greatly simplify the equipments. However, the medium
circuitry design of the loop seal becomes complicated and
difficult because the drum water runs in a natural circulation
manner, i.e., from bottom to top.

The present invention adopts a skill-oriented diversion
manner so that on the one hand the water-cooling partitions
are formed by allowing the membrane wall at the casing to
extend into the inside of the loop seal, and on the other hand
two headers are formed by diverting half of the water-
cooling tubes at the rear wall of the downcomer and those at
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the front wall of the return chute of the loop seal and
connected with the medium headers of two partitions, form-
ing medium circulation.

The invention claimed is:

1. A water-cooling U-valve composed of:

a downcomer (1), a riser (2), and a return chute (3), which
are sequentially connected, and each of which has a
rectangular cross-section; an intermediate partition (4)
disposed between the downcomer (1) and the riser (2),
and the lower parts of the downcomer (1) and the riser
(2) are interconnected; a material returning partition (5)
disposed between the riser (2) and the return chute (3),
and the upper parts of the riser (2) and the return chute
(3) are interconnected; and, an air distribution plate (6)
disposed at the bottoms of the downcomer (1) and the
riser (2); a casing of a loop seal comprising membrane
walls, including a front wall (11) of the downcomer (1),
a top plate (21) of the riser (2), and a front wall (31) of
the return chute (3); a rear wall (12) of the downcomer
(1), a rear wall (32) of the return chute (3); and left and
right walls; insides of the membrane walls are laid with
refractory; wherein:

1.) the material returning partition (5) for water-cooling
comprises a first plurality of water-cooling tubes at a
rear wall (32) of return chute (3), alternate ones of
which extend into the loop seal, and intermediate
partition (4) for water-cooling comprises a second
plurality of water-cooling tubes at the front wall (11) of
the downcomer (1) extending into the loop seal,
wherein both sides and the tops of the intermediate
partition (4) and the material returning partition (5) are
laid with refractory;

I1.) the intermediate partition (4) comprises a first header
(40) and the material returning partition (5) comprises
a second horizontal header (50);

II1.) an annular third header (30) is provided at a material
returning opening, wherein the third header (30) for the
material returning opening is an inlet header for a
cooling medium of the loop seal and connected with a
downcomer of a drum; and an annular outlet header
(10) for the loop seal is provided at the top of the
downcomer (1), wherein the outlet header (10) for the
loop seal is an outlet header for the cooling medium of
the loop seal and is connected with the drum;

IV.) said U-valve further comprises a horizontal fourth
header (33), provided in the middle of the front wall
(31) of the return chute (3), and a horizontal fifth header
(13) for the rear wall (12) of the downcomer (1),
provided in the middle of the rear wall (12) of the
downcomer (1), and a third plurality of water-cooling
tubes extending from said third header (30); wherein, at
the front wall (31) of the return chute (3), one of each
two adjacent water-cooling tubes of the third plurality
of water-cooling tubes from the third header (30) for
the material returning opening is diverted and con-
nected with the horizontal fourth header (33) for the
front wall (31) of the return chute (3); and, at the rear
wall (12) of the downcomer (1), one of each two
adjacent water-cooling tubes of a fourth plurality of
water-cooling tubes extend into the outlet header (10)
for the loop seal and are diverted and connected with
the horizontal fifth header (13) for the rear wall (12) of
the downcomer (1); and

V.) the first header (40) for the intermediate partition (4)
is connected with the horizontal fourth header (33) for
the front wall (31) of the return chute (3), through first
connecting tubes (7) for the headers (33, 40), and, the
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second horizontal header (50) for the material returning
partition (5) is connected with the horizontal fifth
header (13) for the rear wall (12) of the downcomer (1),
through second connecting tubes (8) for the headers
(13, 50).

2. The water-cooling U-valve according to claim 1

wherein one of each two adjacent water-cooling tubes of

the first plurality of water-cooling tubes at the rear wall
(32) of the return chute (3) is diverted at an interface
between the rear wall (32) of the return chute (3) and
the air distribution plate (6), and is bent in a vertically
upward direction in order to extend into the loop seal,
and finally enters the second horizontal header (50) for
the material returning partition (5), forming the mate-
rial returning partition (5); wherein the first plurality of
water-cooling tubes of the material returning partition
(5) are provided in a vertical direction and both sides
and the top of the material returning partition (5) are
laid with refractory; wherein the second horizontal
header (50) for the material returning partition (5) is
provided in a vertical direction and is located at the top
of the material returning partition (5), and the highest
level of the second horizontal header (50) for the
material returning partition (5) is not higher than that of
the horizontal fifth header (13) for the rear wall (12) of
the downcomer (1), and both the second horizontal
header (50) for the material returning partition (5) and
the horizontal fifth header (13) for the rear wall (12) of
the downcomer (1) are connected by the second con-
necting tubes (8) for the headers (13, 50); and

wherein one of each two adjacent water-cooling tubes of

the second plurality of water-cooling tubes at the front
wall (11) of the downcomer (1) is diverted at an
interface between the front wall (11) of the downcomer
(1) and the top plate (21) of the riser (2), and then
extends in a vertically downward direction into the loop
seal, and finally goes into the first header (40) for the
intermediate partition (4), forming the intermediate
partition (4); wherein the first header (40) is horizontal;
wherein the water-cooling tubes of the second plurality,
of the intermediate partition (4) are provided in a
vertical direction, and both sides and the bottom of the
intermediate partition (4) are laid with refractory;
wherein the first header (40) for the intermediate par-
tition (4) is provided in a horizontal direction and
located at the bottom of the intermediate partition (4);
and the first header (40) has a lowest level for the
intermediate partition (4) not lower than that of the
horizontal fourth header (33) for the front wall (31) of
the return chute (3), and both the first header (40) for
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returning partition (5) are provided at the outsides of
the left and right walls of the casing of the loop seal,
respectively; wherein one of each two adjacent water-
cooling tubes of the first plurality of water-cooling
tubes at the rear wall (32) of the return chute (3) is
diverted at the interface between the rear wall (32) of
the return chute (3) and the air distribution plate (6),
and is bent in a vertically upward direction and extends
into the loop seal, and the diverted water-cooling tubes
of the first plurality of water-cooling tubes are split into
a left half and a right half in a plane where the material
returning partition (5) is placed; the left half and the
right half are bent to the left and right, respectively, to
extend out of the casing of the loop seal in the hori-
zontal direction, and finally, these halves enter the two
headers (501, 502) for the material returning partition
(5), respectively; wherein the highest levels of the two
headers (501, 502) for the material returning partition
(5) are not higher than that of the horizontal fifth header
(13) for the rear wall (12) of the downcomer (1);
wherein the two headers (501, 502) for the material
returning partition (5) and the horizontal fifth header
(13) for the rear wall (12) of the downcomer (1) are
connected by the second connecting tubes (8) for the
headers (13, 501, 502); and

wherein a left header (401) for the intermediate partition

(4) and a right header (402) for the intermediate par-
tition (4) are provided at the outsides of the left and
right walls of the casing of the loop seal, respectively;
wherein one of each two adjacent water-cooling tubes
of the second plurality of water-cooling tubes at the
front wall (11) of the downcomer (1) is diverted at the
interface between the front wall (11) of the downcomer
(1) and the top plate (21) of the riser (2), and extends
into the loop seal in a vertically downward direction,
and then the diverted water-cooling tubes of the second
plurality of water-cooling tubes are split into a left half
and a right half in a plane where the intermediate
partition (4) is placed, the left half and the right half are
bent to the left and right, respectively, to extend out of
the casing of the loop seal in the horizontal direction;
and finally, these halves enter the two headers (401,
402) for the intermediate partition (4), respectively;
wherein the lowest levels of the two headers (401, 402)
for the intermediate partition (4) are not lower than that
of the horizontal fourth header (33) for the front wall
(31) of the return chute (3); wherein the two headers
(401, 402) for the intermediate partition (4) and the
horizontal fourth header (33) for the front wall (31) of
the return chute (3) are connected by the first connect-
ing tubes (7) for the headers (33, 401, 402).

the intermediate partition (4) and the horizontal fourth
header (33) for the front wall (31) of the return chute
(3) are connected by the first connecting tubes (7) for
the headers (33, 40).
3. The water-cooling U-valve according to claim 1 55
wherein a left header (501) for the material returning
partition (5) and a right header (502) for the material L

4. The water-cooling U-valve according to claim 1
wherein:
the outlet header (10) for the loop seal is connected with
a middle part of the drum or is connected with the drum
through water-cooling tubes of a cyclone.



